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Abstract: Analysis of farmer risk perceptions is usually limited to production risks, with risk percep-
tion as a function of likelihood and severity. Such an approach is limited in the context of the many
risks and other important risk attributes. Our analysis of the risk perceptions of farmers extends
beyond production risks, severity of the risks, and their likelihoods. We first characterize agricultural
risks and identify their main sources and consequences. We then analyze risk perceptions as a
hierarchical construct using partial least squares path modelling. We determine the most important
risks and risk attributes in the perceptions of farmers, and test for differences in the perceptions
between men and women. Results show that severity and ability to prevent a risk are most important
in forming risk perceptions. Second, probabilities (ability to prevent) tend to matter more to men
(women) for some risks; lastly, low crop yields and fluctuating input prices have greater total effects
on the overall risk perception. Our results provide an impetus for risk analysis in agriculture to
consider risk attributes that cause affective reactions such as severity and perceived ability to prevent
the risks, the need for input price stabilization, and redress of the rampart yield gaps in small-scale
agriculture.
Keywords: agricultural risks; risk perceptions; risk management; locus of control; structural equation
modelling; uncertainty; COVID-19; Kenya
1. Introduction
The role of risk and uncertainty perceptions on the decisions of small-scale farmers is
increasingly acknowledged [1,2]. However, the lens through which perceptions of risk and
uncertainty are addressed in agriculture is blurry in several ways. There are three issues
that deserve consideration for a more comprehensive understanding of the risk perceptions
and behavior of farmers.
First, risk and uncertainty are conventionally addressed as functions of probabilities,
where, according to Knight [3], the former is associated with known probabilities while
the latter is associated with unknown probabilities. In classical economics, expected utility
theory—which dominates the literature on decision-making under risk—considers risk as
a product of likelihood and stakes (magnitude), where choice is a result of the assessment
by an individual of the magnitude and likelihood of an event [4]. However, the empirical
literature shows that individuals do not always follow the tenets of expected utility in
making decisions under risk [5], especially in the absence of insights about objective
probabilities such as in the case of small-scale farmers in developing countries. In addition,
in some cases, even with probabilities, individuals may portray probability insensitivity [4],
while in other cases the probabilities may be less important [6]. Such evidence warrants
extending risk and risk perception analysis beyond likelihood and stakes, which are just a
fraction of the risk attributes.
Second, most research on risk in agriculture focuses on production risks, yet farmers
face several other types of risks. Komarek et al. [7] characterize risk into five types, namely
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production, market, financial, institutional, and personal. These risks are interlinked with
each other in the sense that some risks may cause some others, while others reinforce each
other as shown in the analysis by Ansah et al. [8]. This interlinked nature of agricultural
risks complicates both the analysis and the design of risk management tools for farmers.
Methodologies that can disentangle the complex nomological networks of risks, risk
sources, and risk attributes are needed to enhance the understanding of agricultural risk
and, ultimately, management.
Third, each risk is associated with several attributes, either objective or subjective.
The attributes (characteristics) include controllability, voluntariness, degree of uncertainty,
and catastrophic potential [9], as well as the consequences, familiarity and sources of the
risk [10]. According to the psychometric paradigm of risk analysis, the attributes of risk
influence risk perceptions [11]. For this reason, people have as many risk perceptions as
there are risks, contexts, and situations around them. Notwithstanding, the current analysis
of attributes of the many risks in agriculture, and their role in shaping the risk perceptions
of farmers, is limited.
The objective of this paper is to shed more light on the concept of risk and uncertainty
from the perspective of a small-scale farmer in a developing country, considering the issues
discussed above. A small-scale farmer in our case farms on less than two acres of land [12],
produces mostly for subsistence with minimal use of inputs such as fertilizer and certified
seeds, and has a dominance of family labor in running their farm operations. A better
understanding of the risk perceptions of these farmers is important for informing the
appropriate design of risk management tools relevant to them in building their adaptive
capacity and resilience. Our work builds on Weber et al. [13], who show that the attitude
of an individual towards risk differs across various risk domains; hence, the need to
assess the specific risk attitudes and perceptions in the concrete context of the small-
scale farmer that is characterized by many simultaneous risks and risk domains. We also
build on Wilson et al. [6], who tackle important confounding issues in the study of risk
perceptions. Most importantly, the authors argue that risk is multi-dimensional, and such
multi-dimensionality calls for approaches that go beyond consideration of just likelihood
of, and exposure to, risks. We follow this approach and model risk perceptions as a
hierarchical construct. Specifically, we seek to assess how multiple risks, risk attributes,
and risk domains interact to shape the risk perceptions of farmers.
To achieve this objective, our concept of risk encompasses all dimensions given
by Hardaker [14], namely risk as the variation in an outcome of interest, probability of
unwanted outcomes, and uncertainty of outcomes. In this sense, ‘risk’ entails both risk
and uncertainty. Our use of risk to also include uncertainty is further justifiable in our
context given two additional reasons. First, our subjects, namely small-scale farmers in
a developing country, do not differentiate between the two concepts since they use the
same term in their local dialect to mean both risk and uncertainty; second, most farmers
do not have objective probabilities for most of the events related to agriculture. Instead,
the farmers impute subjective probabilities (Important to note is the difference between
probability weighting and subjective probabilities. Weighted probabilities are surrogates
of objective probabilities, while subjective probabilities are probability substitutes, which
form individually where there are no objective probabilities). The substitution of objective
probabilities, which are usually weighted in actual decision-making [15], with subjective
probabilities blurs the intuitive difference between the concepts of risk and uncertainty.
Our analysis is divided into two distinct but related parts. In the first part, we provide
a characterization of the risks experienced by the farmers. We adopt the characterization
of risk by Komarek et al. [7] that divides agricultural risks into five main types, which we
call domains. We add a sixth domain, namely consumption risks, based on evidence from
Ethiopia regarding its role in technology adoption [16].
We proceed by mapping out the main sources, severity, perceived ability to prevent
(cope with), and the main consequences of every risk in each of the six domains. For
the purposes of discussion, we report findings for the most problematic (important) risks
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only. Importance in this case is based on a ranking of the risks performed by the farmers
themselves during the survey we conducted. Details about the other risks are given in the
Appendix A.
In the second part of the paper, we use 435 respondents to assess the most important
risks and the most important risk attributes contributing to risk perceptions of farmers,
using a partial least squares structural equation modelling approach (PLS-SEM). We focus
on three problematic risks, namely low crop production, fluctuating input prices, and
reduction in agricultural incomes, as discussed in detail in the subsequent sections. It is
noteworthy that all farmers included in this second part of our analysis have experienced
the three risks in the previous five years from the time we conducted our survey.
2. Theoretical Framework
Risk perceptions, which refer to how individuals relate, collect, select, and interpret
signals about uncertain impacts of events, activities, or technologies [17], are influenced by
three broad factors, namely individual characteristics, risk attributes [18,19], and trust in
communicating institutions [20]. Individual characteristics such as gender, age, education,
and wealth, as well as other innate attributes, create the lens through which a person
assesses various risks and the attributes of them.
Based on the three broad factors, four main approaches, namely attribution (attention
and selection filters), heuristics and biases, psychometrics and semantic images, and
cultural theory of risk, dominate the literature [21] (p. 346). In this study, we take an
integrative approach that entails the first three approaches in order to address the issues
we have highlighted in earlier sections. Such an integrated approach has been suggested
by Renn and Rohrmann [22].
In our context, the three approaches represent three stages of the process of forming
a risk perception. The attribution approach, which represents the final stage in our case,
assumes that the choices of individuals are based on the perceived impact of an event
regardless of the probabilities of the event. Following this framework, farmers are likely
to worry about risks and risk attributes that invoke affect, as we discuss in the following
paragraphs. The psychometrics and heuristics approaches are intricately intertwined. The
psychometrics approach relates to how individuals assess various risk attributes, while
the heuristics approach entails the cognitive processes (biases) involved in assessing the
risk attributes. The integrated approach perfectly fits our construct of risk perception
that starts from individual attributes (heuristics and biases), which are the lenses through
which individuals assess risks and risk attributes (psychometric), and finally to the overall
perception (attribution) of whether a risk or risk attribute is of importance in the order
outlined in Figure 1.
Two main ontologies explain how individuals assess (perceive) risk and associated
risk attributes, namely risk as a “feeling”, and risk as an “analysis” [23]. Risk as a feeling,
advanced by Loewenstein et al. [4], involves emotion, intuition, and instinctive reactions to
uncertain events. Risk as analysis, in contrast, involves logic and reason. Unlike in a risk as
feeling assessment, individuals systematically and objectively process information about a
risk in the “analysis”. Theoretically, since some risk situations may be greatly consequential,
individuals should be more objective about how they assess situations and properly act
either to cope/prevent the risk from happening or to avoid it. However, evidence shows
that risk as feeling tends to override the risk analysis in actual decision-making [11].
Two related theories on cognitive processing, namely the experiential and rational modes
developed by Epstein [24], as well as System 1 and System 2 developed by Kahneman [25],
explain the dominance of risk as feeling in actual decision-making. The experiential mode
(System 1) operates automatically, is more rapid, encodes reality in concrete metaphors and
narratives, and is mediated by past experience, while the rational mode (System 2) devotes
effort to more complex computations. System 1 originates impressions, ideas, and feelings,
which form the blueprints for the judgment of System 2 [25]. System 2 uses various mental
strategies and heuristics in reducing complex information to manageable levels.
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Figure 1. Formation of risk perceptions (conceptualization by the authors).
Reduction of the complex risk environment depends on the degree to which the mental
strategies or heuristics of an individual provide readily accessible and coherent beliefs
about certain risks. In the language of Lindell and Perry [18], when someone has a certain
schema (heuristic)—a generic knowledge structure defined by instances, attributes that
differentiate these instances, and interrelationships among the attributes—beliefs about a
risk encompassed by that schema are rapidly accessed to produce an overall judgement that
is congruent with the available information about the risk situation. Some of the heuristics
discussed in the literature include the availability heuristic, anchoring, and the affect
heuristic. The availability heuristic refers to the tendency of people assessing events based
on the ease with which instances or occurrences are easily recalled [26]. Anchoring refers to
the tendency of people making estimates from a certain reference that is adjusted to give a
final answer. For example, people are likely to use historic probabilities to make judgments
about future likelihoods of risks, or historic input prices to infer to possible prices in the
future. Lastly, the affect heuristic involves the instinctive and intuitive reactions to risk [4].
Our framework is also built on the philosophy that the diverse socio-economic en-
vironments and diverse psychological states of farmers will result in heterogenous risk
perceptions even when we consider the same risks and set of risk attributes. Such hetero-
geneity is likely to be observed not only across individuals, but also across risks and risk
domains for the same individual. Some studies have already shown differences in risk
perceptions across groups such as men and women [11]. Noteworthy is that although our
analysis does not explicitly consider individual attributes except for gender, we control
for them in an extra stage of analysis using a multiple linear regression. We find that the
individual characteristics explain less than 10% of the variation in risk perception, hence
we do not discuss the results of this final stage here (see Table A6 for details).
Given the above background, we test the following hypotheses non-parametrically:
Hypothesis 1. Risks under the production domain are not the most important to the farmer.
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Most of the research and risk management work is focused on the production do-
main [7]. However, not only is there insufficient evidence to support such a narrow focus,
but also insufficient evidence on which specific risks under the production domain matter
most. In addition, we hypothesize that other risks in other domains might be even more
important to the farmer. We, therefore, first characterize different risks to assess which is
the most important in each risk domain; second, we use structural equations to determine
the most important risk across domains.
Hypothesis 2. Historic and future frequencies of risks are not the most important risk attributes to
the perception of risks by the farmer.
Though risks are associated with several attributes, many studies measure risk per-
ceptions as the product of probability and magnitude [6]. Such an approach is limited
in agriculture since agricultural risks are associated with many other attributes such as
controllability, ability to prevent the risk, consequences, and sources. The risks are also
likely to be interlinked. For example, a weather shock may result in low yields, which in
turn will result in a reduction in agricultural incomes. Therefore, whether the frequencies
matter in how farmers perceive the risks in this complex environment is non-trivial. We
are not aware of any studies that empirically assess the role of other risk attributes, other
than probabilities in forming the risk perceptions of farmers.
Hypothesis 3. There are no statistically significant differences in the perception of risk attributes
and the risks themselves between men and women.
Many differences between men and women influence the uptake and choice of risk
management strategies. For example, several studies have documented differences in risk
attitudes and perceptions between men and women [27]. However, it is not clear from the
literature how male and female farmers value risk attributes, and whether their perceptions
of relationships across risk attributes and the risks are different. We hypothesize that
there are no statistically significant differences between men and women when it comes to
perception of various risk attributes and relationships across them.
3. Definition of Concepts
Risk Attributes, Risk Sources, and Consequences
Under the psychometric paradigm of risk analysis, risk attributes play an important
role in influencing risk perceptions [11]. A taxonomy of risk and risk attributes exists in
the literature [28]. The qualitative attributes, which include risk sources, consequences,
severity, and ability to control [10], relate to how an individual assesses self (feelings and
emotions) with respect to the risk. Such an assessment will depend on how clear the
various risks and their attributes are understood by the individual.
A challenge arises in the context of agricultural risks, since the taxonomy of risk and
attributes, such as sources and consequences, is not straightforward. There seems to be no
clear distinction of risks, their sources, and consequences in the literature. For example,
Komarek et al. [7] identify the broad risk categories, namely production, market, financial,
personal, and institutional, as risk types. Duong et al. [29] and Harwood et al. [30] identify
them as risk sources. Though there is no empirical evidence of the extent to which such
arbitrary taxonomy may limit understanding and management of the risks by farmers,
there is a likelihood of such a limitation, not only on the side of farmers but also for other
stakeholders in agricultural risk management. Nevertheless, it is not our goal to disentangle
these issues in this paper. However, for the sake of maintaining clarity, we endeavor to
explain our use of the terms risk type (risk domain), risk sources, and consequences.
With regard to risk sources, we consider first- and second-level sources. For instance,
in cases where a weather-related hazard causes low crop yields, and the low crop yields in
turn cause a reduction in agricultural incomes, the weather-related hazards and low crop
yields are first- and second-level sources of reduction in agricultural incomes, respectively.
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The final implication of the risk on any aspect of the life of a farmer forms the consequence.
Noteworthy is that some outcomes (consequences), such as reduction in agricultural
incomes, are considered as risks as well. Following the classification we have outlined, we
briefly discuss the risks and their attributes in the subsequent paragraphs.
Production risks entail all risks relating to the production stage. Therefore, risks relating
to quality of inputs, farm equipment, produce at the field, and produce off the field (post-
harvest) all fall under the production category. Risk sources in the production domain will
include weather-related shocks, pests and diseases, and input quality.
Market risks relate to all risks entailing acquisition of the inputs and marketing of
produce. The risks include fluctuating prices and poor access to markets (in cases of
physical markets). Sources of market risks include information asymmetries and weather
shocks. Favorable weather may, for instance, cause an upside risk, which in turn will cause
gluts in the markets that result in low output prices.
Financial risks relate to all risks entailing financing of farm operations, and sources
include variation in wage rates, interest rates, and access to credit. Current COVID-19
restrictions can be considered as additional sources of financial risks.
Institutional risks include risks relating to formal and informal laws and regulations in
the agricultural sector, such as tenure security, price controls (or lack of them), and export
or import tariffs. Regulations on land use and policies on, for instance, irrigation are all
considered institutional risks.
We incorporate consumption risk based on evidence from Ethiopia about the role of
consumption risk in technology adoption [16]. Though consumption risk in the mentioned
paper relates more to its financial meaning regarding the uncertainties associated with
investing in something in expectation of higher returns in the future instead of current
consumption, we use the term to relate more to food security since food expenditure
constitutes the largest portion of household expenditure in Kenya. Consumption risks
include reduced number of meals, reduced quantities of food, food contamination, and
food lacking sufficient nutrients. Some of the sources of consumption risk include climate
hazards and volatility of food prices.
Lastly, personal risks relate to the health and social problems of an individual, which
affect farm operations. Some of the personal risks include illness, death, and divorce.
4. Materials and Methods
4.1. Study Site
We used survey data collected from four sub-counties of Machakos County in Kenya,
namely Machakos Central, Yatta, Kathiani and Mwala. Machakos County is one of the arid
and semi-arid counties of Kenya. Farming in the county is largely small-scale; average
farm sizes are below 2 acres [31]. Production, which is mostly subsistence, is characterized
by low use of inputs such as fertilizers and certified seeds. In addition, family labor is the
most dominant source of labor for the farms.
Although agriculture is the main economic activity in the county, the sector is vul-
nerable to many shocks including climate shocks, especially droughts and dry spells. The
county has two rain seasons: the October and December short rains, and the March and
May long rains. The short rains season is the most important for crops. The county receives
about 500 mm to 1250 mm of rainfall annually, with disparities in temporal distribution.
The studied sub-counties were purposively selected to have a representation of the varia-
tion in rainfall as well as the agricultural activities for the county and the whole country in
general. On one hand, the Mwala and Yatta sub-counties, where livestock production is
dominant, are very dry. The two sub-counties usually receive less than 500 mm of rainfall
annually. On the other hand, Machakos Central and Kathiani are wet sub-counties most
suitable for crop production.
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4.2. Sampling
We surveyed 792 farmers in November and December of 2020. Important to note is
that we needed a minimum of 768 participants from our sample size calculations assuming
a 5% margin of error, a confidence interval of 95%, and a 50-50 distribution of men and
women in the population. Participants were randomly selected. The random selection
was systematic in the sense that we did random walks skipping at least three households
to the next participant. The starting point was a point agreed upon with the local village
administration heads, who were our contacts at the village level. The willingness of farmers
to participate in the survey and their availability also determined the number of households
skipped until the next participant as well as the starting points. For each of the households,
we interviewed the household head, or the person who made agricultural decisions if it was
not the household head. Figure 2 shows a map of the study area and the geo-positioning
system (GPS) points of the sampled farmers.
Figure 2. Study area and sampled households.
4.3. Empirical Approach
Each of the farmers was asked several questions on socio-economic characteristics
(individual attributes) and risk attributes, as we discuss below. We chose the attributes
based on direct or indirect relevance to risk perceptions.
4.3.1. Individual and Farm Characteristics
The individual and farm characteristics that we focused on are: sources of capital
for financing farming, household information (household size, education level, age, and
employment), welfare and wealth status (asset counts, household dietary diversity, annual
expenditure, and satisfaction with life), non-cognitive skills (locus of control), whether
directly affected by COVID-19, reported propensity to take risks, and risk preferences.
4.3.2. Dietary Diversity
Dietary diversity was measured using the 24 h recall questions adopted from the
Food and Agriculture Organization [32]. The final dietary diversity score is obtained by
summing up the number of food groups the respondent consumed. The score ranges from
0 to 12. Individuals with higher values are considered to have a higher dietary diversity.
Dietary diversity is of relevance in risk perceptions especially for the consumption domain.
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4.3.3. Locus of Control
We adopt the brief scale, by Rotter, in measuring the locus of control of the farmer [33],
but also incorporate 5 more items to make a total of 11 items (Appendix A). Locus of
control is the extent to which people believe that the outcome and circumstances around
them are creations of their choices and decisions [34]. According to this scale, individuals
either have an internal locus of control in that they believe that they control their lives
and circumstances, or an external locus of control in that they believe that their lives and
circumstances are controlled by strong others. We determine the locus of control score by
first reverse-coding the negatively phrased items, and then finding the difference between
the sums of the positively phrased items and those of the negatively phrased items. In this
sense, a higher score means that the individual has an internal locus of control, and vice
versa. Locus of control has been found to vary with factors that influence differences in
risk perceptions, such as gender and age [35].
4.3.4. Risk Aversion
We adopt the approach by Tanaka et al. [36] to measure risk aversion. Following
this approach, farmers responded to 28 hypothetical questions (Series 1 and Series 2, each
having 14 questions) involving small monetary stakes (Appendix B). We asked the farmer to
choose either Option A or Option B for each of the questions in Series 1 and 2. The farmers
were allowed to switch only once between Option A and Option B in each series. The risk
game was incentive-compatible, since farmers played for real money in the last round of
the risk game. We use the switching points from Series 1 and Series 2 to obtain probability
weights and risk aversion measures as estimated by Tanaka et al. [36] (Noteworthy is that
our stakes were in Kenyan Shillings. Therefore, we factored the stakes in Tanaka et al.
(2014) [36] by three to make them decently comparable in value to the Vietnamese Dong. In
this analysis, we assume that such factoring will not have an impact on the risk parameters),
who use prospect theory. In prospect theory, value is attached to changes in wealth and
not the final asset position, as in expected utility theory. We assume a piecewise power
function and the probability weighting function by Prelec [37]. The values of σ and α for
every possible switching point are provided in Table A2.
Tables 1 and 2 provide a summary of the characteristics of our respondents based
on the variables outlined above. We note that men tend to register higher scores that are
significantly different from those of women regarding annual household expenditures,
asset count, locus of control, and propensity to take risks. There tends to be no difference
across the sub-counties, except for Machakos sub-county, which is statistically significantly
different from the other sub-counties regarding life satisfaction, reported propensity to
take risks, and average household size (Table 1). Regarding other characteristics, farming
is the main economic activity for about 73% of our sample, many of whom finance farm
activities from either their own savings or income from the previous season. Many of the
respondents tend to have a primary or secondary level education, and about 57% of the
sample reported to have been directly affected by COVID-19.
Table 1. Summary of characteristics of our respondents.
Variable
Gender Sub-County
Total Male (a) Female (b) Kathiani (a) Machakos (b) Mwala (c) Yatta (d)
Age 51.3 54.0 b 49.3 51.8 52.1 52.4 49.3
Annual household
expenditure (000 shillings) 149.7 172.4
b 133.7 144.9 172.1 143.0 141.9
Dietary diversity score 11.5 11.6 11.4 11.5 11.7 11.2 11.6
Household size 5 4.9 5.1 5.0 b 4.1 5.2 b 5.5 b
Asset count 6.6 7.0 b 6.3 6.2 6.2 6.6 7.2 a,b
Risk aversion 0.5 0.5 0.6 0.6 b 0.4 0.5 0.5




Total Male (a) Female (b) Kathiani (a) Machakos (b) Mwala (c) Yatta (d)
Locus of control * 8.4 8.9 b 8 8.2 8.7 7.6 8.9
Life satisfaction score * 18.7 19 18.5 18.6 20.0 a,c,d 18.1 18.4
Propensity to take risks * 4.7 5.1 b 4.5 4.4 5.5 a,c,d 4.5 4.5
The letters show significance in statistical difference test of the means at 95% confidence interval. * Locus of control, life satisfaction score,
and reported propensity to take risks are constructs. The reliability of these constructs measured by the Cronbach alpha values are 0.61, 0.52,
and 0.21. The reliability measure for the propensity to risks is very low, owing to the small number of indicators we used (see Appendix C).
However, such a construct is considered relatively better compared to a single item.


















Farming (crop/livestock) 73.2 79.8 68.6 77.0 75.8 69.9 70.9
Employed (Informal) 8.5 7.3 9.2 3.2 9.0 11.4 9.8
Employed (Formal sector) 6.4 5.8 6.9 6.4 4.5 8.8 6.0
Business 11.4 6.7 14.6 12.3 9.6 9.8 13.2
Student 0.3 0.3 0.2 1.1
None 0.3 0.4 1.1
Education
Informal education 0.3 0.4 1.1
No education 1.5 0.6 2.2 0.5 2.2 2.6 0.9
Primary 43.8 35.5 49.7 34.8 42.7 40.9 54.3
Secondary 39.8 46.5 35.1 48.7 37.1 40.9 33.8
Vocational training 11.0 11.3 10.8 13.9 10.1 13.0 7.7
University 3.7 6.1 1.9 1.1 7.9 2.6 3.4
Affected by
COVID-19 Yes 57.3 57.2 57.4 68.4 37.1 56.5 64.5
Farming
capital
Own savings 56.1 54.7 57.0 44.9 69.1 59.1 52.6
Income from previous season 31.7 34.9 29.5 47.6 16.3 29.5 32.5
Borrowing from friends 2.3 2.1 2.4 0.5 6.7 0.5 1.7
Borrowing from bank 1.5 2.4 0.9 1.6 2.2 2.1 0.4
Borrowing from MFI 2.1 2.8 1.7 1.6 2.8 2.1 2.1
Remittances from family 2.3 0.3 3.7 3.2 1.1 2.6 2.1
Table banking 1.5 0.6 2.2 1.7 2.1 2.1
Livestock sales 2.5 2.1 2.8 0.5 2.1 6.4
4.3.5. Perceptions of Risk Attributes
The bulk of the questions were dedicated to assessing risk perceptions of the farmer.
Assessing risk perceptions entailed asking farmers questions about several risk attributes
for every risk in each domain. The risk attribute questions were asked only if the farmer
mentioned having experienced the risk. The risk attributes we focused on were historic and
future return frequencies of the risk, severity of the risk, the perceived ability of the farmer
to prevent the risk, the number of sources of the risk, the number of consequences caused
by the risk, and whether the farmer did anything to adapt to the risk. Table 3 provides a
summary of the risk attributes and how they were measured.
Sustainability 2021, 13, 12978 10 of 26
Table 3. Description of risk attributes and how they were measured.
Variable Description (How the Question Was Asked) Response
Historic frequency (frehisto1 *) How many times has the risk occurredin the last 5 years (10 seasons) Number ranging from 1 to 10
Future frequency (frefuture1) How many times is the risk likely tooccur in the next 5 years Number ranging from 1 to 10
Severity (severity1) On a scale of 1 to 5, where 1 is not bad, and 5 isextremely bad, how could you rate this risk 5-point Likert
Sources What are the main sources of the risk Number
Consequences What are the main consequences of the risk Number
Ability to prevent (prevent1)
On a scale of 1 to 5, where 1 is very able
and 5 is not able at all, are you able to prevent
(cope with) the risk from happening
5-point Likert
Adaptation (adaptation1) Did you do anything to reduce the impact of the risk Yes/No
* The names in parenthesis are the short names we adopt for the risk attributes in the second part of the paper (Model 1 and 2).
4.4. Measurement and Analysis of Risk Perceptions
Measuring risk perceptions is as elusive as the concept of risk itself [38]. The diverse
definitions of risk are associated with specific measurement strategies. However, even
though there is no single unified measure of risk perception [39], most studies measure
risk perception as a unidimensional multiplicative function of likelihood and severity [6],
with the assumption that individuals are objective when assessing risk. The studies use
Likert-scale items for the two variables, and data reduction through factor analysis or
principal components analysis. Such a unidimensional view of risk perception can be
limited on several accounts. The most important account is about how individuals make
judgements under uncertainty as we discuss in our theoretical framework. Emotional
and experiential assessment of risk through mental strategies such as the affect heuristic,
availability heuristic, optimism, and unrealistic optimism tend to dominate over objective,
logical, and intellectual assessment [24,25,40]. Therefore, a measure considering probabili-
ties and magnitude only is not reliable. The second account is on the interlinked nature of
agricultural risks. Some of the risks have common sources and consequences, while some
other risks cause or reinforce each other. The nomological network of the risks, sources, and
consequences may mask or amplify some risk attributes. Our estimation strategy extends
the analysis beyond just probabilities and magnitude, to consider the inter-connectedness
of the risks we study. Though contexts are different, our estimation strategy is comparable
to that of Wilson et al. [6], who use confirmatory factor analysis to assess risk perception as
a multidimensional construct. We use partial least squares path modelling for the reasons
explained below.
PLS SEM is a variance-based multivariate analysis approach. Unlike the covariance
based approach (CB-SEM) that seeks to increase covariance of the items of a common
factor, PLS-SEM seeks to reduce unexplained variance of a construct using ordinary least
squares as the estimation method [41]. PLS-SEM is appropriate in our analysis because
of the following reasons. First, our concept of risk entails a nomological network of risk
attributes and risks in different domains. Second, we do not want to assume that our data
achieves the requirements such as multivariate normality necessary for other estimation
methods such as CB-SEM; lastly, PLS-SEM supports estimation of formative constructs.
Studies such as Burns et al. [42] recommend the use of partial least squares in analysis of
risk perceptions.
The PLS-SEM model is composed of measurement (outer) and structural (inner)
models. The measurement model is the interaction of manifest variables with the constructs
that they explain. The structural model is the interaction between the various constructs.
Sustainability 2021, 13, 12978 11 of 26
4.4.1. Measurement Model
Our measurement model consists of the risk attributes and the important risks.
Though our manifest variables are the same (Table 3), based on our assumption described
in previous sections, we consider the attributes for each risk as different variables. These
attributes explain low crop yields, fluctuating input prices, and reduction in agricultural
incomes, which are our formative lower-level constructs. Noteworthy is that only the
manifest variables that have sufficient weights, and/or significant outer and inner loadings,
are included in the final model.
4.4.2. Structural Model
The lower-level constructs interact to explain the overall risk perception, which is our
higher-level construct. The structural model is also formative, in the sense that all the lower
constructs point to the higher-level risk perception construct. Based on our findings from
the risk characterization, there is also some mediation among the constructs, i.e., some
risks are sources of other risks. For example, fluctuations in input prices cause low crop
yields, while low crop yields cause a reduction in agricultural incomes (see Figure 1).
4.4.3. Estimation
We use SmartPLS 3 in the PLS SEM modelling. Our analysis focuses on three of the
six most frequently cited problematic risks, namely low crop yields, fluctuating input
prices, and reduction in agricultural incomes, which represent the production, market, and
financial domains, respectively. All the farmers included in this analysis have experienced
all the risks in the past five years from the time of data collection; hence, our sample
reduces from 792 to 435. The objective of the path modelling is to determine the most
important risk attribute(s) and the most important risk(s), as perceived by farmers. We
use the weights from the measurement model as proxies for importance of risk attributes,
and the path coefficients (structural model) as proxies for importance of the three risks in
forming risk perceptions.
We consider two models in this analysis to represent two different perspectives of risk
by the farmer (Figures 3 and 4).
Figure 3. Model 1. ([+] means that there are hidden variables to the construct risk perception.)
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Figure 4. Model 2. ([+] means that there are hidden variables to the construct risk perception.)
In Model 1, we assume no interaction across risks (i.e., the farmer evaluates the
risks in isolation), while in Model 2 we consider interactions. The interactions and their
directions are informed by the findings from the characterization in the first part of the
paper (Figure 5).
Figure 5. Sources and consequences of the problematic risks.
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Based on findings from the characterization, low crop yields cause a reduction in
agricultural incomes and fluctuating input prices cause low crop yields. In this sense,
fluctuating input prices cause a reduction in agricultural incomes through reduced crop
yields, as shown in Figure 3. ([+] means there are hidden variables to the construct). Since
Model 2 is supported by theory, we use it to test whether there are differences in perceptions
between men and women. We use the multiple group analysis (MGA) in smartPLS to test
for the differences.
Noteworthy is that before arriving at the models shown above, we first estimated
models with all the risk attributes in Table 3. We use the results from the first step to
eliminate risk attributes that do not significantly explain our risk perception composite
according to the requirements for partial least squares path modelling [43]. Manifest
variables in the model should have outer weights greater than 0.7, otherwise be significant,
possess significant loadings, or otherwise be at least 0.5 if not significant [44]. Since we are
estimating a formative model, the focus is on the outer weights and collinearity among
manifest variables. Collinearity among indicators should have a variance inflation factor
(VIF) of less than three (Important to note is that for formative models, model checks such
as construct reliability and average variance explained are not relevant [44]). The two
models we estimate achieve all these criteria. Table A5 provides the results from the test
for collinearity.
We use a repeated indicator approach in the estimation. The repeated indicator
approach is one of the two approaches used to model higher order composites. The
approach has the advantage of considering the entire nomological network hence reducing
loss of information compared to its counterpart two stage approach [45]. Our PLS SEM
algorithm entails a path weighting scheme. Though the available weighting schemes yield
almost similar results, the path weighting scheme is recommended [41].
5. Results
5.1. Risk Characterization: Most Problematic Risk, Main Sources, and Consequences
In this section, we provide results for the most problematic risks in each of the six
domains (see Tables A3 and A4 for more details) (Important to note is that the most (least)
frequently mentioned is not necessarily the most (least) problematic). Low crop yields,
fluctuating input prices, reduction of agricultural incomes, sickness, price controls, and
reduced number of meals were the most frequently mentioned problematic risks in produc-
tion, market, financial, personal, institutional, and consumption domains. Table 4 provides
a summary of the risks focusing on the assessment by farmers of the severity of risks,
ability to prevent (cope with) the risk, and why the risks were rated as most problematic.
The figures represent percentages of the total number of farmers who experienced the
respective risks.



































Not severe 4.6 4.5 4.6 5.2 4.6 2.9 7.1 4.6 15.4 12.5 6.6 1.1
Moderately severe 34.2 28.1 32.0 31.3 33.3 25.0 44.9 35.4 38.5 56.3 31.4 27.1
Severe 21.8 27.4 26.6 22.3 20.9 19.3 17.3 28.6 30.8 25 26.4 23.2
Very severe 24.8 29.2 22.4 28.1 22.9 32.8 20.5 22.9 15.4 26.4 37.6
Extremely severe 14.7 10.9 14.5 13.2 18.3 20.1 10.2 8.6 6.3 9.1 11
Perceived ability to
prevent risk
Very able 5.9 3.8 4.6 4.8 2.0 0.4 7.9 5.1 6.3 0.8 4.4
Moderately able 32.9 26.5 29.9 25.8 15.0 20.1 21.3 14.3 23.1 12.5 23.1 18.8
Able 23.8 23.6 24.5 20.0 13.1 8.2 28.3 30.9 23.1 19.8 23.2
Unable 29.0 30.7 27.8 34.5 34.6 41.0 32.3 36.6 23.1 75 30.6 29.3
Extremely unable 8.5 15.4 13.3 14.8 35.3 30.3 10.2 13.1 30.8 6.3 25.6 24.3



































Why risk is most
problematic
Risk affects many aspects
of life 33.3 26.3 48.6 40.0 33.0 26.3 15.2 17.4 39 24.7 57.9 53.9
The risk occurs more
frequently 4.0 4.3 3.5 1.8 5.2 5.6 1 2.3 1.2 3.7 2.9
I lack sufficient coping 11.9 12.1 5.7 10.5 13.5 14.1 9.8 7.4 9.8 11.1 6.2 5.3
I have no control 6.1 5.2 6.4 3.7 13.5 15.4 2.5 2.7 18.3 33.3 4.1 5.3
Consequences are
irreversible 4.0 6.7 0.4 0.5 0.3 0.2 1.2 2.5 2.1 4.4
Effects carry over many
seasons 4.3 3.2 2.1 0.8 5.9 8.5 1 1.3 7.3 6.2 0.7 1.5
Affects all member of my
household 33.0 37.6 33.0 41.6 25.3 27.6 70.6 68.8 22 16 25.5 24.8
Effects carry over the
entire season 3.4 4.5 0.4 1.1 3.1 2.2 1.2 2.5 3.4 1.9
* M and F stand for male and female, respectively.
The results show that though most of the farmers are not at the extremes when it
comes to rating the risks, more than half of those who experienced the risks rated the risks
as severe, very severe, or extremely severe. More than half also reported that they were
just able, unable, or extremely unable to prevent (cope with) the risks. Low crop yields was
by far the most frequently mentioned production risk by farmers, and more than half of
the farmers rated it as most problematic.
The results also show that consequences of a risk affecting most aspects of the farmer
and those affecting all members of the household were the most frequently cited criteria
for classifying a risk as most problematic.
Regarding risk sources, weather related shocks as well as pests and diseases are
the main causes of low crop yields. Drought was the most frequently mentioned source
(about 79% of all the farmers who experienced low crop yields) (Figure 5). The most
frequently mentioned consequences of low crop yields were reduced availability of food
(78% of the farmers), and reduction of agricultural incomes (63% of the farmers). Regarding
market risks, the most frequently mentioned cause of fluctuations in input prices was
high demand and low supply in the market. Consequently, about 64% of the farmers who
experienced fluctuations in input prices mentioned that they used traditional inputs as a
result. Noteworthy is that for the case of market risks, fluctuating input prices was selected
as the most problematic even though fluctuations in output prices was the most frequently
mentioned market problem (see Appendix D for details).
For the case of reductions in agricultural incomes, low yields, low output prices, and
pests and diseases were the main sources. The most frequently mentioned (70% of the
farmers) was low crop yields. Reduced availability of food, children sent out of school,
and low crop yields were identified as the main consequences of reduction in agricultural
incomes. Sickness, old age, low incomes, and unavailability of food were identified as the
main causes. The main consequences of sickness were reduced working hours, reduced
incomes, and going into debt. In this regard, a shock in incomes is likely to have a double
effect on households that are experiencing sickness.
Regarding institutional risks, price controls (or the lack thereof) was the most problem-
atic. The risk applies mostly to output prices since oversupply in the market was identified
as the main cause. Consequently, farmers end up selling at extremely low prices. Lastly,
regarding reduced number of meals, drought/dry spell, unavailability of food, and high
food prices were identified as the main sources, while increased purchases from the market,
reduced labor productivity, and low crop yields were identified as the main consequences.
A critical evaluation of the risks, main sources, and consequences shows how inter-
connected the risks, risk sources, and consequences are. For example, drought directly
causes low crop yields and reduced number of meals, indirectly. Low crop yields result in
a reduction in agricultural incomes that in turn cause a reduction in availability of food.
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Reduced availability of food (reduced number of meals) in turn is among the main causes
of sickness and low crop yields. Sickness in turn causes a reduction in agricultural incomes.
The cycle continues. It therefore becomes evident that though we only consider a limited
number of risks, tracing the whole cycle of risks, their sources, and consequences is a non-
trivial task that presents a “chicken” and “egg” situation. Such a complex interconnection
of risks, risk sources, and consequences requires a bundle of risk management strategies to
effectively manage the risks.
5.2. Determination of Important Risk Attributes through Partial Least Squares Path Modelling
We now turn to determining the most important risk attributes and risk (Hypothesis 2).
The results from the path modelling show no difference between Model 1 and Model 2
(Table 5). All the indicators included significantly explain both the lower and higher
constructs at 1%, albeit with weak associations (i.e., the weights are less than 0.3). Both
models show that perceived ability to prevent a risk from happening or cope with it and
its severity have the strongest effect on perception of the three risks and the overall risk
perception. However, the similarities in the outer weights notwithstanding, there are
differences in path coefficients for the two models, as shown in Table 6. For Model 1, the
path coefficients for the three risks are comparable, with reduction in agricultural incomes
having a slightly greater contribution to the overall risk perception. Model 2, on the other
hand, shows that low crop yields and fluctuating input prices have bigger total effects
following the direct and indirect effects on the overall risk perception.
Table 5. Outer weights for Model 1 and Model 2.
Attribute
Fluctuating Input





Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
ffrefuture1 0.256 0.25 0.142 0.139
ffrehisto1 0.258 0.222 0.139 0.132
fprevent1 0.543 0.574 0.212 0.219
fseverity1 0.445 0.443 0.185 0.185
mfrefuture1 0.34 0.309 0.11 0.107
mprevent1 0.58 0.605 0.198 0.205
mseverity1 0.483 0.475 0.182 0.183
pfrefuture1 0.326 0.294 0.152 0.144
pfrehisto1 0.269 0.213 0.146 0.137
pprevent1 0.611 0.673 0.216 0.223
pseverity1 0.314 0.317 0.127 0.127
Note: All the indicators are significant at 1% on both the lower and higher constructs. The f, m, and p prefixes
before the risk attributes denote the domain of the risk, namely financial, market, and production, respectively.
Table 6. Path coefficients and their significance.
Construct
Mean p Values
Model 1 Model 2 Model 1 Model 2
Fluctuating input prices 0.335 0.664 0.000 0.000
Fluctuating input prices -> Low crop yields * 0.488 0.000
Low crop yield 0.420 0.668 0.000 0.000
Low crop yields -> Reduction in agricultural incomes * 0.58 0.000
Reduction in agricultural incomes 0.446 0.447 0.000 0.000
* This denotes the effect of one of the lower constructs on another lower construct.
5.3. Determination of Differences in Perceptions between Men and Women
Lastly, we address the third hypothesis by testing for differences in perceptions of
both the weights of risk attributes and path coefficients between men and women. This test
is motivated by the statistically significant differences we found in some of the variables
likely to influence the risk perceptions highlighted in Table 1. We find that men tend to give
a larger weight for historic frequencies for the case of reduction in agricultural incomes,
while women tend to place a greater weight on perceived ability to prevent reduction in
agricultural incomes. These differences between the two groups are statistically significant
at 5%. We also find a significant difference at 10% in the weights for historic probabilities
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for the case of low crop yields. Similar to reduction in agricultural incomes, men tend to
have on average a bigger weight. Table 7 provides more details on these findings. We
do not find any significant statistical difference in the path coefficients for both groups.
However, we find a significant difference at 5% in the total effects of fluctuating input
prices on the overall risk perception. Women tend to have bigger weights on average
compared to men (Table 8).
Table 7. Lower construct perception differences between men and women.
Risk Attribute








ffrehisto1 −0.226 0.041 **






pfrehisto1 −0.229 0.073 *
pprevent1 0.092 0.417
pseverity1 −0.061 0.637
**, * denote significance at 5% and 10%, respectively.
Table 8. Test for differences across path coefficients (total effects) between men and women.
Risk Perceptions Total Effects-Diff(Female-Male) p-Value
Fluctuating input prices -> Low crop yield 0.12 0.101
Fluctuating input prices -> Reduction in agricultural incomes 0.056 0.392
Fluctuating input prices -> Risk perception 0.127 0.03 **
Low crop yield -> Reduction in agricultural incomes −0.031 0.642
Low crop yield -> Risk perception −0.079 0.123
Reduction in agricultural incomes -> Risk perception −0.051 0.282
** denote significance at 5%.
6. Discussion
Our risk analysis entails characterization of agricultural risks, determination of risk
attributes that matter in forming the risk perception of a small-scale farmer, and testing
whether there are differences in the perceptions between men and women. Results from
the risk characterization show that indeed small-scale farmers face many important risks
across the different risk domains, as has been highlighted in many studies already. Low
crop yield is the most frequent (in terms of mentions) risk among the farmers, and is
the most problematic in the production domain. Fluctuating input prices, reduction in
agricultural incomes, price controls (and lack thereof), reduced number of meals, and
sickness are the most problematic in the market, financial, institutional, consumption and
personal risk domains. We find that risks that affect many aspects of the life of the farmer
as an individual, and those that affect many household members, are deemed the most
problematic. Return frequencies of the risks had the least mentions by farmers as the main
criterion for ranking a risk as most problematic. These two findings point to the possibility
of dominance of the affect heuristic in risk assessment among farmers. Intuitively, farmers
are more likely to take action against risks that invoke affect.
We also identify main sources and main consequences of the risks in the characteri-
zation. We find that other than sources such as climate-related shocks, including drought
and dry spells, farmers know that some risks cause other risks. For example, farmers
are aware of the role of low crop yields in reducing agricultural incomes as well as the
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role of fluctuating input prices on low yields and, ultimately, low incomes. This is an
interesting finding, since we can infer from it the pathways for adaptation and risk manage-
ment that the farmer thinks are relevant. For example, the problem of low farm incomes
can be addressed through addressing factors that cause low crop yields (weather-related
factors and pests and diseases) and fluctuating input prices (seasonality in demand and
government controls or lack of them). Consumption, or income smoothing, should be used
when all available pathways have been exhausted. These results further provide empirical
evidence on the importance of multiple risks assessment in the context of small-scale
farmers. The need to assess multiple risks in agriculture becomes more elaborate when
we compare Model 1 and Model 2. From the comparison, we find that considering the
links from one risk to another shifts the importance of various risks as perceived by the
farmer. We find that, independently, reduction of agricultural incomes has a relatively
bigger contribution to forming the risk perceptions of farmers. However, Model 2, which
incorporates the interconnectedness of the risks, shows that low crop yields and fluctuating
input prices tend to be more important when we consider total effects. Therefore, effective
management of the risks will entail offering farmers a wide range of risk management
strategies, through well-coordinated networks of government agencies, market actors, and
the farmers themselves [46].
Analysis of risk attributes and their importance in forming risk perceptions shows
that, first, both historic and future probabilities of risks, perceived ability to prevent a risk,
and severity of the risk significantly influence the risk perception of a farmer. Though
our findings are in tandem with theory and the literature, when it comes to probabilities
and severity of a risk [20,47], we find that perceived ability to prevent (cope with) has the
biggest weight; hence, it is the most important in forming the risk perceptions of farmers.
Other studies have also found probabilities to be less critical in the way individuals
assess risks [6,48]. Our results are plausible when we view risks as either catastrophic or
normal [21]. Though catastrophic risks are less frequent, they can be more detrimental than
the more frequent risks. In this case, consideration of probabilities might be misleading
when rating the importance of a risk. Consequently, in the context of small-scale farmers,
consideration of attributes that invoke affective reactions, such as the ability to control
a risk when designing risk management mechanisms, is likely to increase the relevance
of such strategies to the farmer. Special attention should be given to those risks that the
farmer has dismal control over (involuntary), or ability to cope with them. However, of
importance is also filtering for the tolerance levels of the farmers to various risks when
considering ability to prevent risks. High tolerance to a risk may give a false impression of
high ability to control the risk (cope with it). High risk tolerance is likely to keep farmers in
risk-induced poverty traps [49]. Our results also have implications on risk communication.
Since risk perception is usually considered a function of probability and severity, most
risk communication is in terms of these two attributes. A good example in agriculture
involves weather-related agri-advisories, which are usually communicated in terms of
probabilities. Farmers are likely to perceive such information as less useful. As such,
risk information that aims to nudge farmers to take precautionary measures should be
packaged and synthesized around the severity and involuntary nature of the risks.
Second, the data supports our initial hypothesis that risk attributes, such as return
frequencies that may be considered objective, are interpreted differently by farmers in the
same geographical location with almost similar “objective” exposure to the risks. Interpre-
tations of the attributes depend on the risk and the gender of the individual as we discuss in
subsequent sections. Such high heterogeneity poses a challenge when it comes to prioritiz-
ing adaptation options for certain groups of people or even regions. Though participatory
and co-creation approaches can be used to reconcile varied perceptions, effort should be
put towards addressing behavioral factors that cause biases in the perception of risks. The
biases may inhibit the adoption of effective risk management strategies by farmers.
Further analysis of the risk attributes shows that the four risk attributes consistently,
and significantly, influence perceptions for low crop yields and reduction in agricultural
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incomes. However, historic probabilities tend to matter less (have small weights) for the
case of fluctuating input prices. Therefore, our data does not support the notion that a
certain set of risk attributes can fully generalize the concept of risk across many risks, such
as in the case of agriculture. Similar to our first finding, considering all risks as a function
of probability and severity may be misleading.
Third, we find some differences in the risk perceptions between men and women,
as already shown in some studies [50]. We find that historic probabilities tend to matter
more to men compared to women when we consider reduction in agricultural incomes
and low crop yields, while the ability to prevent a risk tends to matter more to women
compared to men when it comes to reduction in agricultural incomes. Both the similarities
and differences are justifiable, as discussed by Gustafson [51]. The similarities point to
the possibility of both groups employing the same strategies in understanding the risks
around them. The differences point to the possibility of one group having higher sensitivity
to affect, different exposure to the risks, or more knowledge and awareness about a risk
and associated attributes, or a combination of all three of those factors. In our context,
we attribute the differences first to the level of knowledge and understanding of the risk
attributes where men are likely to have more understanding of probabilities than women,
and second to the differences we find in wealth status (annual expenditure and asset count),
locus of control, and propensity to take risks. Scores for men tend to be significantly higher
than those for women. Poor scores, especially in terms of wealth status among women,
may also mean more exposure to risk relative to men.
Limitations of the Study
The contribution of our study to the knowledge on risk perceptions among small-scale
farmers is evident. However, we need to point out some limitations of this study. First,
we consider the entire farm enterprise, making our scope wide instead of focusing on
a particular enterprise, crop, or livestock. Notwithstanding, studies with a wide scope
such as this one are useful in informing more focused studies. We recommend the use
of the approach we have used for specific farm enterprises. Second, there is a likelihood
that the attributes of the risks are also linked to each other, in the sense that the ability to
prevent, for instance, low crop yield correlates with the ability to prevent fluctuations in
input prices or reduction of agricultural incomes. Future research should also consider this
interconnectedness of the risk attributes. Lastly, though the goal of this paper is to inform
the design of risk management tools relevant to small-scale farmers, we do not extend
the analysis to assess the effect of the perceptions on selection and the use of various risk
management strategies. Future studies should fill this knowledge gap.
7. Conclusions
In this paper, we have addressed three issues that challenge analysis of risk perceptions
in agriculture to enhance understanding of the risk perceptions of small-scale farmers. A
clear understanding of the risk perceptions by farmers is paramount for effective support
in managing the risks. We achieved our objective by first characterizing agricultural risks,
and then using an integrative approach to analyze the risk perceptions. We extend the
analysis beyond risks in the production domain. We also consider other risk attributes on
top of severity and likelihood of the risks.
Our qualitative assessment of risk perceptions across the six risk domains highlights
the most problematic risks that matter to the farmer, namely low crop yields, fluctuating
input prices, reduction in agricultural incomes, reduced number of meals, price controls
(or the lack thereof), and sickness. Though the risks are interlinked with regard to sources
and consequences, no single strategy can simultaneously address all of them. Therefore,
bundling risk management strategies is imperative in effectively addressing the risks.
Future studies should test this claim and identify an optimal mix of risk management
strategies that simultaneously address the risks. Noteworthy is that the most problematic
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risks are those that affect many aspects of the life of the farmer and many members of the
household.
Findings from the PLS SEM modelling have shown that though likelihood of a risk,
severity, and the perceived ability to prevent or cope with the risk significantly affect farmer
risk perceptions, the perceived ability of farmers to prevent a risk is the most important
(has the biggest weight) for all three risks we consider. Probabilities are the least important.
This finding has implications for risk perceptions research. Future studies on farmer risk
perceptions should give more attention to risk attributes that invoke affective reactions
such as severity and ability to prevent or cope with a risk. Such attention is lacking in the
current literature. Another implication of this finding is for risk communication. We use
the example of weather-related advisories and forecasts. Since risk is usually considered a
function of severity and probabilities, most weather advisories are communicated in terms
of probabilities. Therefore, packaging weather agri-advisories around other risk attributes
(especially that affect invoking) may be a good way of enhancing relevance and usability
of the forecasts and other risk information by the farmers to plan their farming activities.
Our results have also shown that neglecting the interlinkages across risks may mis-
guide risk prioritization. Considered independently, reduction in agricultural incomes is
relatively more important. However, fluctuating input prices and low crop yields tend
to be more important when we consider total effects on the risk perceptions. Therefore,
mechanisms that stabilize input prices and those that address the problem of low yields
should be addressed first. Stabilization of input prices is likely to enhance the uptake of
technologies such as fertilizers and improved (certified) varieties, ultimately addressing
the problem of low farm incomes.
Lastly, we find some differences in the perceptions of the risk attributes and the
linkages across risks between men and women when it comes to perceived ability to
control or cope with a risk. We attribute this difference to wealth status, locus of control,
and reported propensity to take risks. As such, disparities in access to resources between
men and women might be an important issue to consider when designing risk management
tools that target women.
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Appendix A
Appendix A.1. Indicators of Locus of Control
These questions are based on a 5-point scale from strongly disagree (1) to strongly
agree (5) (1 = Strongly agree; 2 = Agree; 3 = Not sure; 4 = Disagree; 5 = Strongly disagree).
Select one for each of the questions.
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Appendix A.1.1. Internal Items (Self-Drive, Motivation, Belief That We Can Change
Our Circumstances)
1. When I make plans, I am almost certain that I can make them work;
2. What happens to me is my own doing;
3. Getting people to do the right things depends on ability; luck has nothing to do with it;
4. When I work hard, I get rewards;
5. I have the needed knowledge and skills to make my life better;
6. If I plan myself well, I can avoid many unpleasant outcomes, now and in the future.
Appendix A.1.2. External Items (Wellbeing Is Controlled by Some Strong Other)
7. Many of the unhappy things in people’s lives are partly due to bad luck;
8. Getting a good job depends on mainly on being in the right place at the right time;
9. Many times, I feel that I have little influence over the things that happen to me;
10. Whatever you do, if things are to go wrong, they will go wrong;
11. The yields I get from agriculture at the end of the season are beyond my control.
Appendix A.2. Indicators of General Satisfaction with Life
Indicate for each of the following questions whether you: 1 = Strongly agree;
2 = Agree; 3 = Not sure; 4 = Disagree; 5 = Strongly disagree
1. I am satisfied with my life;
2. I have achieved all the goals/dreams I wanted to achieve in life;
3. I am working to my best to see that I improve the quality of my life;
4. I am satisfied with my social relations (including my family);
5. I am satisfied with the material things that I have now;
6. Every morning, I look forward to a good day ahead;
7. I have suffered a lot in this life;
8. I live a life of poverty;
9. I have access to nutritious food.
Appendix A.3. Reported Propensity to Take Risks
1. How likely are you to take risks (1 = very likely; 2 = likely; 3 = Not sure; 4 = unlikely;
5 = very unlikely);
2. How likely can (do) you adopt new agricultural technologies that you have never
used before (1 = very likely; 2 = likely; 3 = Not sure; 4 = unlikely; 5 = very unlikely);
3. I like learning about something, see results from other people, before I can try that
thing (1 = Strongly agree; 2 = Agree; 3 = Not sure; 4 = Disagree; 5 = Strongly disagree).
Appendix B
Appendix B.1. Risk Game
Appendix B.1.1. Instructions
We are going to play a game that involves money. Your earnings will depend partly
on your choice and partly on chance. There are 3 series of questions. Series 1 consists of
14 questions, Series 2 consists of 14 questions, and Series 3 consists of 7 questions. In total,
we have 35 questions. We will offer you two plans; plan A and plan B. you are required to
choose a plan for each of the questions. Once you finish answering the questions, we will
offer you a bag containing 35 balls with numbers 1 to 35. You are required to select a ball
from the bag. We will then play the selected question for real money. For example, if you
choose ball number 10, we will play question number 10 for real money.
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Table A1. Payouts for the risk game.
Series 1 Series 2
















1 120 30 1 204 15 1 120 90 1 162 15
2 120 30 2 225 15 2 120 90 2 168 15
3 120 30 3 249 15 3 120 90 3 174 15
4 120 30 4 279 15 4 120 90 4 180 15
5 120 30 5 318 15 5 120 90 5 186 15
6 120 30 6 375 15 6 120 90 6 195 15
7 120 30 7 450 15 7 120 90 7 204 15
8 120 30 8 555 15 8 120 90 8 216 15
9 120 30 9 660 15 9 120 90 9 231 15
10 120 30 10 900 15 10 120 90 10 249 15
11 120 30 11 1200 15 11 120 90 11 270 15
12 120 30 12 1800 15 12 120 90 12 300 15
13 120 30 13 3000 15 13 120 90 13 330 15
14 120 30 14 5100 15 14 120 90 14 390 15
Table A2. Risk aversion and probability weights estimates.
σ Switching Question in Series 1
Series 2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Never
1 1.50 1.40 1.35 1.25 1.15 1.10 1.00 0.95 0.90 0.85 0.80 0.75 0.65 0.55 0.50
2 1.40 1.30 1.25 1.15 1.10 1.00 0.95 0.90 0.85 0.80 0.75 0.70 0.60 0.55 0.50
3 1.30 1.20 1.15 1.10 1.00 0.95 0.90 0.85 0.80 0.75 0.70 0.65 0.55 0.50 0.45
4 1.20 1.15 1.05 1.00 0.95 0.90 0.85 0.80 0.75 0.70 0.65 0.60 0.50 0.45 0.40
5 1.15 1.05 1.00 0.95 0.90 0.85 0.80 0.75 0.70 0.65 0.60 0.55 0.50 0.40 0.35
6 1.05 1.00 0.95 0.90 0.85 0.80 0.75 0.70 0.65 0.60 0.55 0.50 0.45 0.40 0.35
7 1.00 0.95 0.90 0.85 0.80 0.75 0.70 0.65 0.60 0.55 0.50 0.45 0.40 0.35 0.30
8 0.95 0.90 0.85 0.80 0.75 0.70 0.65 0.60 0.55 0.50 0.45 0.40 0.35 0.30 0.25
9 0.90 0.85 0.80 0.75 0.70 0.65 0.60 0.55 0.50 0.45 0.40 0.35 0.30 0.25 0.20
10 0.85 0.80 0.75 0.70 0.65 0.60 0.55 0.50 0.45 0.40 0.35 0.30 0.25 0.20 0.20
11 0.80 0.70 0.65 0.65 0.60 0.55 0.50 0.45 0.40 0.35 0.30 0.25 0.20 0.15 0.15
12 0.75 0.65 0.60 0.55 0.50 0.50 0.45 0.40 0.35 0.30 0.25 0.20 0.20 0.15 0.10
13 0.65 0.60 0.55 0.50 0.45 0.45 0.40 0.35 0.30 0.25 0.20 0.15 0.15 0.10 0.10
14 0.60 0.55 0.50 0.45 0.40 0.35 0.35 0.30 0.25 0.20 0.15 0.10 0.10 0.10 0.05
Never 0.50 0.45 0.40 0.40 0.35 0.30 0.30 0.25 0.20 0.15 0.10 0.10 0.05 0.05 0.05
α Switching Question in Series 1
Series 2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Never
1 0.60 0.75 0.75 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.40 1.45
2 0.60 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.35 1.40
3 0.55 0.60 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30
4 0.50 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25
5 0.45 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20
6 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15
7 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10
8 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05
9 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
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σ Switching Question in Series 1
Series 2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Never
10 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95
11 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90
12 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85
13 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80
14 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75
Never 0.05 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.45 0.55 0.55 0.65 0.60
Appendix C
Table A3. Risks experienced by farmers (percentages).
Domain Risk Total Gender Sub County












Low crop yields 95.3 93.6 96.6 95.2 93.8 93.8 97.9
Death of livestock 47.7 42.5 51.4 44.4 49.4 41.5 54.3
Lack of fertilizer 28.0 26.9 28.8 40.6 16.9 26.4 27.8
Post-harvest loss 24.5 22.0 26.2 24.6 16.3 23.8 31.2
Reseeding/replanting 23.1 20.5 24.9 17.1 33.1 24.9 18.8
Poor germination 22.0 19.6 23.7 15.5 24.2 20.7 26.5
Lack of water 18.1 22.0 15.3 10.2 30.3 10.9 20.9
Low animal production 13.4 16.2 11.4 7.0 16.9 13.5 15.8
Poor quality produce 10.4 11.9 9.2 11.2 19.1 5.2 7.3
Pests and diseases 4.2 3.7 4.5 1.1 2.1 11.5
Equipment breakdown 3.9 4.3 3.7 0.5 11.8 1.0 3.0
Lack of seeds 0.8 0.6 0.9 1.6 0.5 0.9
Financial
Reduction in agricultural incomes 69.6 13.1 10.3 15.5 9.6 12.4 9.0
Reduction in daily wages 15.7 2.8 2.6 3.2 2.2 4.1 1.3
Inability to replay loan 11.5 0.9 1.1 0.5 0.4
Increase in interest rates 2.7 15.6 15.7 14.4 7.3 16.1 22.6
Reduction in non-
agricultural income 0.5 73.7 66.7 75.9 62.9 70.5 68.8
Market
Fluctuating output prices 72.9 75.5 71.0 78.1 57.3 79.8 74.8
Fluctuating input prices 50.1 46.8 52.5 50.3 50.0 48.7 51.3
Fluctuating interest rates 1.1 0.9 1.3 1.1 3.1 0.4
Lack of markets 1.1 0.9 1.3 1.1 2.1 1.3
Consumption
Reduced quantities of food 38.1 38.8 37.6 38.0 39.9 37.8 37.2
Reduced number of meals 33.7 33.9 33.5 31.0 43.3 36.8 26.1
Lack of a balanced diet 21.5 23.5 20.0 20.3 16.3 25.9 22.6
Food contamination 3.2 3.1 3.2 4.3 3.4 4.1 1.3
Food lacking necessary nutrients 2.5 3.4 1.9 2.1 5.6 1.6 1.3
Institutional
Importation of cheaper produce 11.1 12.5 10.1 8.6 19.7 10.9 6.8
Price controls 3.7 4.0 3.4 0.5 12.4 1.0 1.7
Tenure security 3.4 4.9 2.4 3.7 7.9 1.6 1.3
COVID-19-related restrictions 1.5 1.5 1.5 1.1 1.1 1.6 2.1
High export tariff 0.9 2.1 2.7 0.9
Breach of contract farming
agreement 0.4 0.6 0.2 1.1 0.4
Lack of price control 0.3 0.6 0.5 0.5
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Sickness 38.1 37.0 38.9 36.4 42.7 38.9 35.5
Traffic accident 4.8 6.4 3.7 5.9 4.5 2.6 6.0
Divorce 1.3 1.2 1.3 0.5 2.8 1.0 0.9
Death of family member 0.4 0.6 0.5 0.6 0.4
Land disputes 0.6 1.1 1.1 0.6 0.5 0.4
Other accidents 0.4 0.6 0.2 0.5 1.1
Domestic conflicts 0.1 0.2 0.6
Table A4. Most problematic risks (percentage of farmers).
Domain Risk
Gender Sub-County
Total Male Female Kathiani Machakos Mwala Yatta
Production
Low crop production 56.5 56.3 56.6 57.2 56.3 58.0 54.7
Low animal production 16.8 18.0 16.0 16.6 18.2 19.7 13.7
Reseeding/replanting 13.7 13.5 13.8 16.6 10.2 14.0 13.7
Equipment breakdown 5.3 5.5 5.2 3.7 6.3 3.6 7.3
Poor germination 4.1 2.8 5.0 3.7 4.5 1.6 6.0
Death of livestock 2.0 2.4 1.7 0.5 2.8 2.1 2.6
Post-harvest loss 0.6 0.3 0.9 0.5 1.1 0.9
Lack of seeds 0.4 0.3 0.4 0.5 0.9
Pest and diseases 0.3 0.6 0.5 0.5
Poor quality produce 0.3 0.3 0.2 0.5 0.6
Lack of water 0.1 0.2 0.4
Financial
Reduction in agricultural incomes 93.2 93.6 92.9 95.8 93.1 90.8 93.1
Increase in interest rates 5.7 6.0 5.5 2.4 5.4 8.6 6.4
Inability to repay loan 0.5 0.4 0.5 1.8
Reduction in non-
agricultural incomes 0.6 1.1 1.5 0.6 0.5
Market
Fluctuating input prices 71.1 72.6 70.0 72.3 80.1 66.7 67.6
Fluctuating output prices 27.8 26.7 28.5 27.2 19.9 31.0 31.0
Lack of markets 1.1 0.7 1.5 0.6 2.3 1.4
Consumption
Reduced number of meals 79.4 76.4 81.5 74.8 80.2 76.6 85.0
Reduced quantities of food 14.4 16.3 13.1 17.4 14.4 15.6 10.9
Food contamination 5.6 6.4 5.0 6.1 5.4 7.0 4.1
Food lacking necessary nutrients 0.6 1.0 0.3 1.7 0.8
Institutional
Price controls 87.7 86.6 88.9 81.8 91.4 86.7 86.7
COVID-19-related restrictions 5.5 4.9 6.2 6.1 2.9 10.0 6.7
High export tariff 3.1 3.7 2.5 3.0 4.3 3.3
Breach of contract
farming agreement 1.8 2.4 1.2 6.1 3.3
Cheap imports 0.6 1.2 1.4
Tenure security 0.6 1.2 3.3
Lack of price control 0.6 1.2 3.0
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Appendix D
Appendix D.1. Collinearity Test across the Manifest Variables
























Appendix D.2. Regression Analysis of Effect of Variables of Interest on Risk Perceptions
Model diagnostics show that the assumptions for OLS (no multicollinearity, ho-
moscedasticity, normality of the residuals) are achieved by the data.
Table A6. Regression analysis results.
Dependent Variable Risk Perception






Life satisfaction −0.024 **
(0.01)
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Table A6. Cont.
















Residual Std. Error 0.975 (df = 419)
F Statistic 2.569 *** (df = 15; 419)
Note: ** p < 0.05; *** p < 0.01; Figures in brackets are standard errors.
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